industry. It is an alternative way to improve the quality of fried food because this technique used the oil as the heat transfer medium. The moisture could vaporize at temperature below 100 °C, leading to shorter frying time. Consequently, the main objective of this research was to investigate the effects of temperature and time on the physical properties of banana. Experimental results showed that the increase of frying temperature and frying time resulted in the decrease of moisture content, and breaking force but the oil-uptake increased.
I. INTRODUCTION
ANANA -Kluai Leb Mu Nang‖ is grown in the south of Thailand. Consumers like this banana for its smell, sweet, taste, and delicious. Fresh banana is rich source of carbohydrates, minerals, and vitamins. However, the big problem is storage of some fruits because of the life times were short. Hence, agriproduct processing (e.g. frying, drying and etc.) have been applied to bananas as the preservation and the added value. Nowadays, the conventional frying (Deep-fat flying) of banana which is immersion banana pieces in hot oil is not practicable due to high fat content [1] . Moreover, it easily causes the excessive darkening and scorching of product due to the high frying temperature.
One of interest techniques that may reduce these problems in fried products is the vacuum frying technique. It is an alternative method which offers significant benefits such as to improve the quality and to reduce the oil oxidation because of low-temperature processing. Many researchers used the vacuum frying technique for flying the agricultural products. Da Silva et al. [2] studied the vacuum frying of high-quality fruit and vegetable-based snacks that used the sweet potato, green beans, Tommy Atkins mango, and blue potato as the materials. They found that most of the products maintained their original colors when fried under vacuum, whereas the traditional-fried products showed excessive darkening and scorching.
There are many factors affecting the quality of vacuum fried product. Frying temperature is one of the important factors affecting the quality of vacuum fried product. Yagua and Moreira [3] studied the physical and thermal properties of potato chips during vacuum frying, which were fried at different temperatures (120, 130, and 140 ºC). They found that the rate of change in product quality features was affected by temperature, whereas the final values of moisture content, bulk density, true density, porosity, diameter shrinkage, and thickness expansion were not affected by temperature. Frying time is another important factor which impacts the quality of vacuum fried product. Maity et al. [4] evaluated the effects of frying temperature and duration on the quality of vacuum fried jackfruit (JF) chips. The conditions of frying time were 30, 25, and 20 minutes at 80, 90, and 100 ºC, respectively. They found that moisture content and breaking force of JF chips decreased with increase in frying temperature and time during vacuum frying whereas the oil content increased. Moreover, sensory evaluation showed maximum acceptability for JF chips fried at 90 ºC for 25 min.
As mentioned above, the information of the effects of frying temperature and frying time on the quality of vacuum fried banana has been limited. Therefore, the objective of this work was to study the effect of different frying conditions such as temperature and time on quality of vacuum fried banana chips.
II. MATERIALS AND METHODS

A. Materials
Ripe bananas (cultivar Kluai Leb Mu Nang) and palm oil Morakot brand were purchased from a local market in Chumphon province, Thailand. An initial moisture content of ripe bananas was about 74% (w.b.).
B. Sample preparation and frying conditions
Bananas were washed, peeled, cut into slices (about 0.2 cm thickness). Banana slices were washed, drained and weighed before the frying. A vacuum fryer equipped made at the Department of Engineering, King Mongkut's Institute of Technology Ladkrabang, Prince of Chumphon Campus was used in this experiment and is shown in Fig. 1 . A batch of 0.5 kg of banana slices was placed in the vessel and fried in 20 L of palm oil under vacuum (70±5 mmHg). After vacuum frying, the fried banana chips were to remove the frying oil in storage tank. This post-frying step was tested to study its efficiency in the vacuum-frying process. Then, the excess frying oil on the samples was removed under atmospheric pressure. Finally, a sample of 200 g of fried banana chips was packed in each aluminum foil bag and kept at room temperature (27 ºC) prior to assessment. The treatments studied in this work were: (1) Banana chips were fried at three levels of frying oil temperature of oil (80, 100 and 120 ºC); (2) various time intervals (15, 20, 25 and 30 minutes). 
C. Moisture Content and Oil Uptake
The moisture content of the fresh banana slices and vacuum fried banana chips was determined by drying 30 g of the sample in a convection oven at 105 ºC for 24 hours. Each measurement was performed in triplicate and an average value is reported. Total oil content of coarsely ground vacuum fried banana chips was determined extracting fat with petroleum ether as a solvent by soxhlet FOSS (model Solvents SER 148) extraction apparatus. The determinations were made in triplicate and mean value was reported.
D. Color Measurement
The color of the vacuum fried banana chips was investigated using a tri-stimulus Colorimeter (Miniscan XE plus, Model number 45/0-S, Hunter Associates Laboratory Inc., Reston, VA, USA). The white and black standard ceramic tiles were used for the calibration. Twelve fired banana chips were measured using D-65 illuminant and 10º observer. The color was expressed in terms of * value [lightness, ranging from zero (black) to 100 (white)], * value [ranging from +60 (red) to −60 (green)], and * value [ranging from +60 (yellow) to −60 (blue)].
E. Texture analysis
The breaking force was measured by a LLOYD model TA plus universal testing machine. The load cell is 50 N. Samples were punctured by a cylindrical plunger with a diameter of 5 mm and the crosshead speed was set to 5 mm/min. The breaking force of vacuum fried banana was defined as the force at maximum compression during first bite and determined from the force-deformation curves. Inspection of a sample from each condition was performed in triplicate and the average value was reported Table I shows the moisture content of vacuum fried banana obtained from different frying temperatures and frying times. The results indicated that the frying temperature and frying time affected the moisture content. The moisture content of vacuum fried banana was decreased with increasing frying temperature and frying time. These were because the higher frying temperature and longer frying time provided the higher water evaporation, leading to the lower moisture content. To obtain 6% moisture content, it required 30, 25 and 15 minutes at temperatures of 80, 100 and 120°C, respectively. This remaining moisture content in the frying banana was the range of the moisture standard of frying banana based on the Thai Industrial Standards Institute [5] . Table II shows the oil-uptake content of vacuum fried banana obtained from different frying temperatures and frying times. When the banana was vacuum fried for 15 minutes, the oil-uptake content was found to be 11.19, 15.45 and 20.23% in vacuum fried banana at 80, 100 and 120 °C, respectively. When the frying time was extended longer, the oil-uptake content was increased to 27.91, 32.77 and 38.12% in vacuum fried banana at 80, 100 and 120 °C, respectively. This indicated that frying temperature and frying time affected the oil-uptake content. The oil-uptake content was increased with increasing frying temperature as well as frying time. The increase of oil-uptake content was found to be related to the loss of moisture. This was because of the diffusion gradient created by the loss of moisture through the surface making the surface dry [6] . 
III. RESULTS AND DISCUSSION
A. Moisture content
B. Oil-uptake content
C. Texture
The breaking force of vacuum fried banana obtained from different frying temperatures and frying times is presented in Table III . It was found that the frying temperature and frying time affected the breaking force. The breaking force was decreased when the frying temperature and frying time increased. The breaking force is used for the determination of crispness in chips by a texture analyzer. The lower values of breaking force indicated higher crispy texture of vacuum fried banana. High breaking force during initial frying may be due to the high moisture content in banana. It caused the soft texture, leading to the high breaking force [6] . The change in breaking force was slow at 80 °C which decreased significantly when comparing with the breaking force of banana fried at 100 and 120 °C. This may be due to the development of dehydrated crust. After 20 min of frying, there were less significant changes in the texture values. 
D. Color
The effects of frying temperature and frying time on the color profile of the vacuum fried banana are shown in Table  IV . After vacuum frying for 15 minutes, the * value which indicates the lightness of the fried products was 33.87, 44.74 and 46.80 at frying temperatures of 80, 100 and 120 °C, respectively. When the frying time was extended longer, the * value decreased at all the frying temperatures. At the same frying time, the higher frying temperature provided the lower * value. The decrease in * value has been linked with nonenzymatic browning reactions which accelerate at high temperatures [7] , [8] . The * value of vacuum fried banana was found to increase with the progress of frying duration at all the frying temperatures. The increase was very rapid at 120 °C compared to other frying temperatures. Changes in * value indicated development of golden brown to dark brown color in vacuum fried banana due to browning reactions [9] . The * value indicates the yellowness of vacuum fried banana. The higher frying temperature provided the lower * value. The decrease in * value may be attributed to the instability of carotenoids at higher temperature which was also reported to be interrelated with the decrease in * value in vacuum fried carrot chips with the degradation of carotenoids at higher frying temperatures [10] . IV. CONCLUSION The qualities of vacuum fried banana at different frying temperature and frying time were investigated in this work. When the banana was vacuum fried at different temperature, the higher frying temperature provided the decrease of moisture content and breaking force whilst the oil-uptake content was increased. For the frying time, it affected the qualities of dark parboiled rice. The moisture content and breaking force were decreased with longer frying time whilst the breaking force was increased.
